Pomadasys incisus is one of the most abundant coaslal demersal species around the Canary Islands. It is a ponochoric species with similar biological characteristic in males and females. The adult sex ratio is not significantly different from 1: 1, and the mean size of males and females is similar. It reaches first maturity at the end of the second year of life (1 83 mm). Spawning takes place throughout the year, Growth analysis reveals that the species is fast-growing and relatively short-lived (7 years). Length at age is well described by the von Bertalanffy growth model. Individuals grow guickIy in their imature first year, attaining approximately 45% of their maximum length. After one year, the annual growth m e drops rapidly. The direct effects of fishing result in changes in abundame. with an 80% reduction from the unexpbited equilibrium level. Recniitment into the cornmercial fisheríes occurs before size at sexual maturity, resulting in al1 spawners being accessible using the current fjshing panem. The length at first capture (168 m) is less than the length,at maturity; 45% of [he total catch are smaller than this, indicating a danger of recniitment-overfishing.
bastard grunt Pomadasys incisus (Bowdich, 1825) is the rnost abundant species in the catches. It is observed in relatively high-density schools in the coastal waters of the Canarian Archipelago and is considered to be among the twenty most abundant demersal species in the area, al1 of them with com- mercial interest except R incisus. The bastard grunt is caught by the demersal trap fishery of the Canary Islands jointly with the sparids that are the main demersal fish target species (Pajuela, 1997) .
Discarding fish has for some time been accepted as an inevitable component of hatvest fisheries, althought it can be illegal. Recent estimates suggest that more than one quarter of al1 fish caught annually are wasted throught discarding (Alverson et al., 2994) . Such estimates help to show the magnitude of the phenornenon and discarding is gradually becorning a rnajor management issue (Alverson and Hughes, 1996) .
In the Canarian Archipelago the main target species of the demersal fishery are heavily overexploited and information on their biology and life cycle is known. However, the total catches of the non-target species such as the bastard grunt are unknown because they are not rnonitored. Accordingly, the exploitation status of the populations is unknown. Furthermore, information on the biology of Pomadasys species is very scarce anywhere in the world and no information was found in the literature on any biological aspects of P. incisus.
The need for an ecologically based discard management strategy and the paucity of available data on the biology of this species prompted an investigation into aspects of its life history including population structure, sexuality, spawning cycle, maturity, age and growth, and mortality (especially the incidental fishing mortality on this discarded species).
MATERIALS AND METHODS
Pomadasys incisus specimens caught with traps by the artisanal demeral fishery were sampled fortnightly from October 2000 to September 2001. Fish were caught at depths of 5-70 m off south-west Gran Canaria, Canary Islands. A total of 9651 discarded individuals were measured (total length, nearest m), A subsample of 878 specimens was taken from the whole sample by a random length stratified method for biological analysis. Each of these individual~ was measured to the nearest rnm for total length (L,) , and weighed to the nearest 0.1 g for total body weight (W,). The gonads were removed and weighed (W,) to the nearest 0.001 g and the eviscetated weight (W,) was recorded to the nearest 0.1 g. Furthemore, the sex and the stage of maturíty were assessed visually. Stages of matuíity were classified as follows: 1, immature; 11, resting; 111, ripe; IV, ripe and running; and V, spent.
Sagittal otoliths were removed, cleaned with seawater, and stored dry for later age determination.
The overall sex ratio (ma1es:females) was determined as well as the sex ratio by size classes. The spawning season was ascertained using two methods: a gonadosomatic index calculated by expressing gonad mass as a percentage of eviscerated body mass (Anderson and Gutreuter, 1983) , and by calculating the proportions of different maturity stages. The length at maturity was calculated by determining the proportion of reproductively active fish in each sizeclass (stages 111, IV and V). Length at maturity was estimated by fitting the logistic function:
where: P is the percentage of fish mature at length L,, L,, is the length at 50% maturity, and v is the parameter which determines thc width of length specific maturity function. The pararneters were estimated by rneans of Marquardt's algorithm for nonlinear least-squares parameter estimation (Saila er al., 1988) .
Age was detenined by interpreting growth rings on the otoliths. The pairs of whole otoliths were placed in water and examined under a compound microscope (10x) with reflected light against a dark background. Counts of the growth bands were made by two readers without knowledge of size, sex or each other's results. Counts were made for otoliths of each fish on two separate occasions, and only coincident readings were accepted. The same approach was used to determine the final number of bands in each specimen, with a unanimity reached between the final counts of each reader. The index of average percentage error (IAPE) was calculated for the bmd counts of each reader using the formula described by Beamish and Foumier (1 98 1). Periodicity of band formation was evaluated by noting the visual appearance of the otolith margin and expressing it as a percentage of the monthly sample. Once the periodicity and the timing of ring formation were verified, the age of each fish was detemined by enumerating the marks, and then assigning it to an age-class. 1 January was considered as the birthdate for iissigning the ages to age-clases. Length at age was described by the vqn Bertdanffy growth model (Ricker, 1975) . The model was fitted by means of Marquardt's algorithm for non-linear least-squares parameter estirnation (Saila et al., 1988) . Estimates of the total instantaneous rate of mortality were obtained by catch-curve analyses (Pauly, 1983 ). An estimate of the instantaneous rate of total mortality was obtained from the negative of the slope of the straight line fitted to points greater than the age at full recruitment using the FiSAT program (Gayanilo et al., 1996) . Z was dso obtained from Beverton and Holt's mean length in the catches (Beverton and Holt, 1 956) and the Ault and Ehrhardt (1991) method. The instantaneous rate of natural rnortality (M) was estimated by a variety of methods (Beverton and Holt, 1959; Tanaka, 1960; Taylor, 1960; Rikhter and Efanov, 1976; Pauly, 1980; Hoenig, 1983) . To delimit a range of values of this rate that includes its real value, the longevity for each value of M was estimated using the method of Alagaraja (1984) . The instantaneous rate of fishing rnortality (F) was estimated from the difference between Z and M. The exploitation ratio (E) was estimated by dividing F by Z (Gulland, 1971) . Length at first capture was d e t e d n e d from the selection ogive generated from the catch curve (Pauly, 1983) .
Spawning biomass per recmit (SBR) as a function of fishing mortality F was determined as:
where: Ni is the relative proprtion of fish at age i, wi is the weight of fish at age i, and Bi the proportion of mature fish at age i (Butterworth et al., 1989) . Two biological reference points, expressed in tems of F. were estirnated from the SBR curves. These included FsBa and F,,,, which are the values of F at which the spawning biomass is reduced ta below 40 and 50% respectively of its unexploited equilibrium leve1 ( Booth and Punt, 1998) . According to Buxton (1992) and Booth and Buxton (1997) , the FSB5, strategy is the most suitable and is sufficient to protect the spawner stock.
RESULTS

Sex and spawning
The gonad was present as a single testis in the male and as a single o v q in the female. In both sexes it was suspended by the dorsal mesentery in the posterior region of the visceral cavity with both gonadal lobes equally developed. Of the 878 fish exarnined, 377 (41.2%) were male and 412 (45.8%) were female. The sex of the remaining 89 (13.0%) fish could not be identified macroscopically and they were considered to be imrnature as they had very thin and traslucent gonads. The overall ratio of Males and females showed the sarne size range (Fig. 1) -Males ranged in size from 143 to 298 mrn total length and females from 134 to 304 mm. The length range of immature fish was 103 to 186 mm. Sex ratios for males and females grouped into 10-mm length classes showed no significant departures from the 1 : 1 ratio (x2 < x~~~ 05.1=3.84).
No significant difference in length at sexual maturity was found between males and females (ttest, t=O.67<t, ,,,,,, = 1.96), so the results were pooled. The length at which 50% of fish had become mature (L,) was 183 rnm and v was 0.082.
Al1 macroscopic stages of gonadal development were easily discernible. The sarne evolution was observed for both sexes in the pattern of the gonadosomatic index. The monthly mean vaiues of GSI were high throughout the year (Fig. 2) , but peaked in late auturnn and winter (November-January) and surnrner (June-July) . A similar trend was evident using the maturity stages (Fig. 2) . Ripe and ripeand-running gonads (stages 111 and IV) were evident throughout the year. Spent gonads (stage V) were rare throughout the year.
Age and growth
Otolith alternated opaque and hyaline zones were clearly visible (Fig. 3) . For each fish, the number of bands counted for each individual by the two readers was similar. The number of specimens for whidh consensus could be reached was high. bands counts for each reader did not differ greatly, being slightly lower for the first author (2.47) than the second (2.97). In total, 812 otoliths (92.4%) were readable and used for the study of age and growth.
Marginal zone analysis showed that the opaque and translucent zones were deposited throughout the year, but with different frequency. The highest percentages of otoliths with opaque edges were observed between June and November (Fig. 4) ; otoliths with translucent edges were observed mainly between December and May. Therefore, it was assumed that each translucent zone represenced an annulus, with a year's growth represented by an opaque and its adjacent hyaline zone. The sampled population consisted of 8 age-classes (0-7). More than 45% of the maximum length was achieved by the first year (Table 1) ; by the second year, fish had attained 60%. Length at age was adequately described by the von Bertalanffy growth model. There were no significant differences between mean lengths at age of males and females (t-test, t=0.52<~,,,,7=1.96) or between the von Bertalanffy growth curves using (Hotelling's T2 test   T2=4,73<T,2,,,,,,,,=7 .89), Data were pooled as a single-growth model. The relationship between age and length, derived from the assurned annual periodicity of the growth rings, was described by the growth parameters: L,=3325 mm, k=0.27 1 years-l and b=-0.710 years. In fitting the growth curve to the agdlength data, age O was disregarded because this age class was not well represented.
Mortality
Age frequencies derived from transformed length frequency data provided estimates of total mortality (Fig. 5) . The values of Z obtained from Pauly's length converted catch curve (Z=1.37 yearl), the Beverton and Holt method (ZF 1.32 yearl), and the Ault and Ehrhardt method ( 5 1 . 3 1 year-l) were sim+ ilar. The values of the instantaneous rate of natural mortality obtained using different methods ranged between 0.76 and 0.32 yearl and the corresponding values of longevity were comprised between 5.9 and 14.2 years ( Table 2) . Some of the values of M are unreal because the lifespawn expected using only these data are lower than the maximum age observed for the population under a natural and fishing mortalities. This is the case of the methods of Beverton (Fig. 6) .
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DISCUSSION
P. incisus off the Canarian Archipelago is a gonochoric species with no evidence of sexual dimorphism, as for al1 species of the genus Pomadusys.
i? incisus in the Canarian Archipelago spawn throughout the year. A prolonged breeding season is generally characteristic of repeat spawners (Nikolskii, 1963) and fish living in variable and unstable mdor highly productive environments ( Tomasini et al., 1996) . Non-seasonal spawning with an increase in activity over different periods of the year is common in populations inhabiting areas with low amplitude oceanographic cycles (Grimes, 1 987). Protrac ted spawning has also been described for R hakan and for R olivaceus and appears to be a feature of the biology of Pomadasys species (Joubert, 198 1 ; Lee et al., 1990 ; Al-Husaini et al., 200 1).
Age at sexual maturity does not differ between male and female i? incisus, corresponding to 2 years of age. Wallace and Schleyer (1979) , Joubert (1981), Mathews et al. (1989) , and Diouf (1996) respectively found that male and female P. commersunnii, t) olivaceus, í? kuakun and l? perotaei attain sexual maturity at a similar length or age. Maturity at a relatively early age seems to be a characteristic of
Pmnadasys.
Otoliths of F! incisus from the Canaries show a ring pattern common to teleost fish. One calcifíed opaque zone and one less calcified translucent zone are laid down each year, allowing age detemination with relative ease. These nngs are deposited during periods of fast and s2ow growth respectively (WiUiams and Bedford, 1974) . Seasonal growth cycles rnight be related to physiological changes produced by the influence of temperature, feeding regime and reproductive cycle ( Morales-Nin and Ralston, 1990) . Related to this, the formation of the daily growth increments depends on the infradian rhythms which are S ynchronised with the photoperiod or other extemal daily factors (Campana and Neilsan, 1985) . Opaque rings are formed during spnng/sumrner, when the sea temperature is highest, and hyaline rings durhg winter, when the temperature is lowest. The water column is well mixed dur-ing winter and an isotherrn is formed during the summer. The average sea surface temperature of the Canary Islands is 18°C in February, rising to 24°C in August and September. This rise in water ternperature could introduce a change in the rnetabolic activity of the individuals during spring and summer and be the rnain factor responsible for opaque zone deposition. Al-Husaini et al. (2001) also found that the translucent zone formation in the otoliths of P. kaakan takes place during the slow-growth season. The evidence currently available suggests that a seasonal temperature difference of 6°C might be sufficient to cause ring formation (Morales-Nin and Ralston, 1990) .
The increase in sea surface temperature affects the physiology of otolith growth and results in the formation of the annulus. Data in this study show that the fmt annulus is deposited irrespective of gonad rnatwation. The rninimum total length of mature fish is 156 rnm, but juvenile fish also show a first annulus.
As a whole, growth of P. incisus is fast, males and females growing at the same rate. The theoretical maximal length value is higher than the size of the largest fish sampled and the growth coefíicient indicates a relatively fast attainment of maximum size, a characteristic of short-lived species. II incisus grows quickly when imrnature, attaining approximately 45% of its maximum length after theqfirst year, with the annual growth rate dropping rapidly thereafter. The change,in growth rate is probably the result of the available energy being used for reproduction rather than somatic growth.
The value of the exploitation rate (>OSO) suggests, accarding to Gulland (1971) , that the bastard gmnt is heavily exploited in the Canaria Archipelago, so it may be necessary to advise a change in fishing pattern. The length at first capture is less than the length at first maturity, 45% of the total catch being below this length and thus indicating a danger of recruitment-overfishing.
The average estimate of fishing rnortality is high, suggesting that P. incisus is heavily impacted by fishing, even though it is not a target species. The direct effects of fishing will result in changa its abundance, with a reduction of 80% regardless of the unexploited equilibrium level, and in the size structure, with fewer fish growing to large size. Pope et al. (1988) point out that exploitation tends to remove larger fish from ecosystems and, consequently, the abundance of smaller fish and species of smaller size increases.
A specialist species has a life history strategy that tends towards low productivity. Typical life history characteristics include large body size, delayed age at sexual maturity, a long life and a low natural mortality (Booth, 1997) . In contrast, a generalist has a life history strategy that tends towards the oportunistic use of the resources. Therefore, generalists exhibit early maturity, fast growth rate, small body size, and high natural rnortality (Booth, 1997) . To understand where f) incisus fits into this life history classification continuurn, vanous life history parameters such as maximum length, maximum age, growth rate, size and age at maturity rnust be analysd together. In this context, the life history parameters of the bastard grunt suggest that the species has a generalist life history style. Fisheries based on r-selected species are less susceptible to growth-overñshing and population depletion (Buxton and Clarke, 1991; Booth and Buxton, 1997). Bastard grunt have large ovaries in large ripe-and-running individuals, suggesting that they are rnoderately fecund and that a moderate number of eggs is released during the spawning. As a result, they rnay be less sensitive to heavy fishing than species exhibiting a lower reproductive output (Smale, 1988) .
The large number and relatively high biomass of bastard grunt in the Canary Islands suggest that the species plays an important role as an epibenthic predator. However, the high fishing pressure could result in a large reduction in numbers, irnpacting the epibenthic fauna. Unfortunately, its recmitment into the commercial fishery occurs before sexual matunty and consequently the whole spawner biomass is accessible at the cwlrent fishing pattem.
A possible option which may improve the situation for such fish species of the benthic cornmunity would be to protect part of the spawning stock and their recruits in rnarine reserves that encompass the coastal inshore areas of seagrass beds, and to establish a rninirnurn fishing depth of 30 m to protect the nursery areas located in shallow waters (Planes et al., 1999) . In addition, it would be advisable to assess the impact of various management options for the multispecies fisheries.
